The Pahang estuary is known to be one of the most productive natural ecosystems in Malaysia and provides food for a variety of organisms. Unfortunately, many species are increasingly threatened there because of declining conditions in natural aquatic ecosystems. Macrobenthic community composition has been extensively used to determine the quality of the aquatic environment for a long time. The Pahang estuary is undergoing poor conditions in water quality and riverbank vegetation because of sand dredging and other human activities. These activities prove the greatest threats to habitat loss, degradation of water quality, and declining indigenous fish population. Based on the above perspectives, a study was conducted on microbenthic diversity and community along with benthic organisms in the Pahang estuary, Malaysia. The study was divided into three zones. Zone 1 was identified as low in diversity of the microbenthic community in Pahang estuary with the diversity index (H 0 ) of 0.35; only polychaete worms and bivalves were identified from this area. Polychaete represented by Neries sp. bivalve class was represented by Yoldia sp. in this zone. For Zone 2, the number and types of benthic communities were low because of human disturbance, but they still exist because of detritus that acts as food and habitat provided by the mangrove. This area was identified as a lowest diversity index of macrobenthos (polychaete, bivalves, and gastropods) with the value of 0.31. The diversity index for Zone 3 was highest among all three zones, with the diversity index of 0.38 along with three classes of macrobenthos, which were polychaete, bivalves, and gastropods. Polychaete was represented by Neries sp., bivalves by Yoldia sp., and gastropods by Nassarius sp., respectively. The lower diversity of the macrobenthic community reveals the alarming conditions of the Kuala Pahang because of massive human disturbances along the Pahang estuary. Long-term monitoring for species diversity is necessary for the sustainable development of aquatic resources in this fascinating tropical estuary.
INTRODUCTION
Estuaries are highly productive ecosystems and ecologically significant environments that sustain a high abundance and diversity of benthic and pelagic organisms. Macrobenthic invertebrates are critical components of these ecosystems, playing myriad roles that are essential to maintaining ecosystem functions such as the energy flow in estuarine food webs. Macrobenthos are defined as invertebrates living in or on the sediments (Guoming et al., 2017) . These organisms, mostly comprising marine invertebrates, are biologically greatly diverse, especially those found on the continental shelf. They form a major food item for bottom feeders, such as demersal fish. For example, polychaetes with well-developed jaws and eyes were found in field surveys to have their fecal matter packed with algal cells and enzymes in their gut that are capable of digesting cellulose (Warwick, Joint, and Radford, 1979) .
Benthic organisms are the most common targets in biological assessments of environmental quality (Pedersen and Perkins, 1986; Southerland and Stribling, 1995) because they are an important ecosystem component that provide a primary food source for many fish, birds, and mammals, and affect sediment stability and geochemistry (Roslee et al., 2017) . They also possess attributes appropriate for their use as cost-effective indicators of environmental change, such as limited motility and deposit feeding. Benthic organisms are widely used to assess aquatic ecological monitoring, aquatic environmental conditions, and their responses to anthropogenic activities. Other indicators frequently used in such studies include surveys of fish and algal communities, as well as any of several abiotic measurements of system conditions. Benthic macroinvertebrates are a preferred monitoring tool for assessing the condition of aquatic resources because they have the following characteristics: (1) They are relatively sedentary and thus exposed continuously to local conditions (Klemm et al., 1990) . (2) They have a lifespan long enough to provide a record of environmental quality (Pratt and Coler, 1976) . (3) They are differentially sensitive to pollutants of various types, react to them relatively quickly, and provide graded responses to various stressor intensities (Pratt and Coler, 1976) . (4) They are relatively easy to collect and can usually be found in large numbers (Plafkin et al., 1989) . The benthic infauna have long been used for water-quality assessments because of their tendency to be more sedentary and thus more reliable site indicators over time compared to fish and plankton.
Variation in the densities of mostly benthic taxa, however, was related to habitat, not time (Sheridan, 1997) , and patterns in benthos among different habitats in a mangrove forest were not strongly correlated with patterns in the sediments. Alfaro (2004) found that the abundances of dominant taxa were generally consistent among sampling events.
The alteration of benthic communities is affected by pollution tolerant of estuaries. For example, in the Mahakam delta (East Kalimantan, Indonesia), the average biomass per station of benthic in estuaries mangrove is very much weaker in a polluted than in a nonpolluted area. Hence, this organism appears to be a suitable pollution indicator and needs extreme pollution to eliminate this species. Yüksek et al. (2006) supported that the distributions of species clearly reflected the level of organic pollution at the estuary.
Many different habitats are contained in mangrove forest with diverse macrobenthic fauna living on or in the sediment in different habitats. The degradation of organic matter in the mangrove area relies on the presence of mangrove trees and crab fauna by increasing the benthic metabolism (Nielsen, Kristensen, and Macintosh, 2002; Shahzad et al., 2017) ; however, Lee (1999) suggests that high concentrations of tannins may obstruct colonization by the macrobenthos rather than mangrove organic matters, which are not necessarily the result of enhancement effects on marine benthos.
Epibenthic communities in mangrove are strongly dependent on tidal fluctuation, in which greater tidal amplitudes and increased tidal current velocities will transport mangrove detritus many faunal taxa into embayment (Alongi, 1986; Yasin, Khan, and Khan, 2017) . It is known that the leaf detritus from mangroves contributes a major energy input into higher trophic levels (Afzal et al., 2017; Ray et al., 2005) ; however, according to a finding by Bouillon et al. (2002) , there is no evidence for a trophic role of mangrove litter in sustaining subtidal benthic and pelagic invertebrate communities in adjacent aquatic systems. Mangrove habitats have the lowest density and biodiversity compared to seagrass beds that had the highest number of individuals and taxa. This is in regard to a significant difference in their community associations and interactions (Alfaro, 2004; Mushtaq et al., 2017) . Comparisons of benthic organisms between mangrove, seagrass, and nonvegetated habitats in other estuarine systems throughout the world have reported mixed results (Nielsen, Kristensen, and Macintosh, 2002; Schiff and Bay, 2003; Sheridan, 1997) .
METHODS Sample Collection
Sampling was performed in the Pahang estuary (Pekan, Pahang) from April to December 2008 ( Figure 1 ). Sampling was done by dividing the study area into three zones with the distance of approximately 3 km for each zone to encompass three different habitats of the sampling station. Zone 1 was located at the river mouth of the Pahang estuary. The water body of this area is characterized by high saline water especially during nonmonsoon season, where the freshwater flow from Pahang River was low and the sea-water intrusion was high. Zone 2 was characterized by a low salinity area, and Zone 3 was located in a freshwater area of the Pahang estuary because it is located farther away from the open ocean. The sampling stations were lying between longitude 103825 0 56.48 00 E to 103829 0 10.55 00 E and latitude 03833 0 01.78 00 N to 03830 0 50.38 00 N. Macrobenthos samples were collected from the sampling station using a grab sampler that is used to collect sediment . The sediment samples were sieved on board through a 500-lm Endecott sieve. The entire materials in the sieve were collected into a bottle sample and preserved with Lugol's iodine for laboratory analysis. At the laboratory, the materials were poured into an enamel tray (Ali et al., 2017) . The benthic animals were sorted and identified using a binocular microscope. Diversity indices were calculated using Biodiversity Pro V2 software.
RESULTS
Benthic organisms live on or just beneath the bottom of the lagoon or in the intertidal zone (mainly mudflats). They crawl over, burrow into, or are attached to the sediments or anything else on the bottom. Benthic organisms are important links in the estuarine food chains, providing an essential food source for fishes, birds, and mammals (Hejazi et al., 2017) . In the study area, the diversity of macrobenthos was considered low as only polychate, bivalves, and gastropods were identified. Moreover, the number of macrobenthos organisms identified from this Pahang estuary are also low, which means that the diversity of macrobenthos of this area was very low. Table 1 shows the benthic organisms identified in Pahang estuary. The diversity of macrobentos found in the Pahang estuary was poor; the diversity index (H 0 ) of the study area was calculated at 0.35, which is considered low. For Zone 1, the bottom sediment of the study area was covered by sandy substrate, including twigs and broken branches. For Zone 2, it was a mangrove covered area, which is covered with clay and muddy substrate; carbon and detritus presence was also in the substrate. Muddy and sandy substrate ware present in Zone 3, along with detritus, leaves, and fragments of plants found in this area.
Zone 1 was identified as low in diversity of macrobenthos in the Pahang estuary with the diversity index (H 0 ) of 0.35, as shown in Figure 2 . Only polychatee worms and bivalves were identified from this area, and the diversity index (H 0 ) for polychate was calculated as 0.36, which is considered low; the diversity index for the bivalves was 0.34, which is also low. Polychate found in this zone was from Neries sp., and from the bivalve class it was represented by Yoldia. This area was identified with the highest currents, which was at the river mouth in this area and has a high traffic of fishing vessels.
For Zone 2, the number and types of benthic communities were low because of human disturbance, but the communities still exist because of detritus that acts as food and habitat provided by the mangrove (Figure 3 ). But this area was identified as the lowest diversity index of macrobenthos with the value of 0.31; in this area, polychaete, bivalves, and gastropods were found. Polychate from species Sabellidae and Neries was found in this area; for bivalves and gastropods, Yoldia and Nassarius were identified. The diversity index for polychate worms was calculated 0.35, which is low for the bivalves of this area; the diversity index (H 0 ) for this area was 0.28, which is the lowest in this area; and for gastropod diversity index (H 0 ), it was calculated as 0.31. Even though the study area was lowest in the diversity index, it has the highest number of benthic organisms identified. Figure 4 shows the diversity index for macrobenthos species identified at Zone 3. The diversity index for Zone 3 was highest among all three zones, with the diversity index of 0.38 and the availability of the three classes of macrobenthos, which are polychate, bivalves, and gastropods. Polychate was represented by Neries sp., bivalves by Yoldia, and gastropods by Nassarius. In this area, the gastropod was encountered the most during the study with the diversity index (H 0 ) of 0.43; the gastropod was also a food source for some fishes inhibiting the water body. The polychate worm was encountered the second most; macrobenthos found in this area with the diversity index (H 0 ) of this class calculated at 0.36, and this value was considered low in diversity. For the bivalves, they were encountered the least during the study, with the diversity index (H 0 ) of 0.35. Overall, the results of this area and the diversity index (H 0 ) calculated in this area are considered low in diversity.
In the study area, only polychate worms, bivalves and gastropods were identified during the study, as shown in Figure 5 . The most dominant among these three classes was the gastropod and polychate worm; the gastropod was represented by Nassarius sp. and Neries sp. from polychate, with the diversity index of 0.36. The next most dominant from this study area was from the class of bivalves; it was represented by Yoldia, with the diversity index of 0.35. The least dominant macrobenthos from the study area was Sabellidae from the class of polychate, with a diversity index of 0.10.
DISCUSSION
In general, the abundance of macrobenthos in the study area was relatively low. This was probably because the study area has been subjected to significant environmental alteration that may have led to heavy disturbance and an unstable river bed. A high number of fishing vessels and sand-mining activities performed in the study area may have contributed to this condition. Polycates and bivalves, which were mostly present species of macrobenthos within the study area, were predicted because this species is highly tolerant of organic pollution (Luoma and Cloern, 1980; Yüksek et al., 2006) . Essentially, the effects associated with dredging depend not only on the methods used, but also on the amount and characteristics of the sediments to be dredged (e.g., the presence of contaminants), local hydrology, and the seasonal effects (Newell et al., 1998; Shahestan and Shastani, 2017) . In the study area, benthic communities may be affected by sanddredging activities; however, its impact varies widely and depends, among other factors, on the intensity of dredging in a particular area, the degree of sediment disturbance, and recolonization (by passive transport of adult organisms and the intrinsic rate of reproduction) and growth of the damaged communities (Newell et al., 1998) .
Another factor that contributed to the low diversity of macrobenthos in the study area was water current because high velocity of water current is most probably the reason of the low diversity of benthic organism in the Pahang estuary. This is because the organism that can withstand this condition should be capable of burrowing deep beneath the surface to avoid being flushed down as the water current is high (Chindah and Braide, 2001) . They emerged only to obtain food and oxygen. DO concentrations are not directly related to macrobenthos assemblage because the sediment had already been disturbed by human activities. Most species found in this study were tolerant to low water quality because the study area was altered by sand dredging and other human activities.
Hypoxia and anoxia are agents of bottom habitat degradation through a wide suite of mechanisms. Under conditions of limited oxygen at the bottom, rates of nitrogen and phosphorous remineralization and sulfate reduction increase. The resulting production of sulfide in combination with low oxygen can prove lethal to benthic macrofauna. Because benthic macrofauna serve as essential prey resources for demersal fishes, sustained hypoxia can have significant trophic implications (Lin et al., 2006) . The poor diversity of benthic macroinvertebrate assemblages in the Pahang estuary is generally affected by the alteration of the ecosystem structure and function in streams because there were many human activities taking place in the study area.
The fauna in estuaries are following the strong environmental gradients in these systems (Attrill, 2002) . Salinity is the most important environmental factor in estuaries, and together with temperature and accompanying physicochemical properties, it determines species distribution and abundances (Kinne, 1966; Mackay and Cyrus, 2001; Ysebaert et al., 2003) . In the study area, the salinity was highly varied between zones. Zone 1 has recorded the highest salinity because it is situated at the river mouth, which is near the sea water and upstream, and Zone 3 has the lowest salinity. The availability of macrobenthos was lowest in the high-salinity area and highest in the low-salinity zone.
Distribution patterns of benthic fauna are not only determined by environmental conditions, such as sediment properties, but also by modifications of the sediment caused by organisms themselves, as well as by interactions between species (Ólafsson, Peterson, and Ambrose, 1994; Reise, 2002; Ysebaert et al., 2003) . Such interactions include sediment disturbance by burrowing activity, predation, or competition. Amphipods and polychaetes can secrete mucous that binds sediment particles together and raise the erosion threshold while reducing the sedimentation of previously resuspended particles (Meadows, Tait, and Hussain, 1990) . On the other hand, their burrowing activity can increase sediment reworking and biogeochemical fluxes (Mermillod-Blondin, François-Carcaillet, and Rosenberg, 2005; Sayama and Kurihara, 1983) , and polychaetes affect the flux of O2 and CO2 across the sediment-water interface (Kikuchi, 1986) .
Benthic organisms are known to be highly sensitive to environmental stress, such as trace metal pollution (Locarnini and Presley, 1996) and are affected by anthropogenic pollution influenced by sedentary benthic organisms. In contrast to these findings, few investigators (e.g., Saiz-Salinas and Francés-Zubillaga, 1997) observed low pollution levels coinciding with some polychaetes densities in some geographical sites; however, in an overall view, they found the macrobenthos to be an indicator of pollution. According to the statement, the Pahang estuary was channeled by many rivers, and it is the longest river system in the Peninsular Malaysia. For that reason, a lot of pollutant input in this estuary occurred; this might be the reason for the low diversity of benthos in the study area.
The distribution of macrobenthic communities is highly correlated with the type of sediment, which is related to a wider set of environmental conditions, such as current speed and organic content of the sediment (Buchanan, 1984; Creutzberg et al., 1984) . For macrobenthos to establish in a high speed of water current, they mostly preferred soft bottom sediment rather than coarse grain-size sediment, as they were looser than fine sediment. As the high speed of water flow occurs in the study area, Zone 3 was calculated with the highest diversity of macrobenthos, which in this area was covered with fine and muddy sediment; moreover this area was rich in detritus, which is a source of food for the macrobenthos. 
CONCLUSION
The Pahang estuary has been receiving increasing pressure as people continue to use the coastal zone for housing, recreation, and industrial purposes. Because of the occurrence of massive floods in Pekan areas over the year, the sand dredgers have been dredging soil around the river estuary mouth to deepen the areas and to avoid floods in the future. This could have severe effects on the diversity of aquatic organisms in Pahang estuary. In fact, the lowest diversity of microbenthic organisms has shown the destruction of diversity of macrobenthos in this fascinating Pahang estuary throughout the study period. As scientists, conservationists, and policymakers, it is urgent to conduct long-term continuous monitoring toward distribution and ecology benthic communities on this Pahang estuary for the sustainable development of aquatic organisms.
